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(57) ABSTRACT

A brake control device for a vehicle includes: a motor
connected to wheels; a hydraulic brake that generates a
friction braking force based on irictional contact with a
brake rotor that integrally rotates with the wheels; a con-
troller that performs coordination control of regenerative
brake control, in which a regenerative power generation 1s
performed by the motor on a basis of rotation of the wheels
to apply a regenerative braking force to the wheels, and
hydraulic brake control, 1n which the hydraulic brake 1s
operated; and a battery that exchanges power with the motor.
Further, in a case where a temperature of the brake rotor 1s
higher than a predetermined temperature when mput to the
battery 1s restricted in a state where there 1s a deceleration
request, the controller reduces the friction braking force, and
performs the regenerative brake control while power 1s
consumed by an electric device.

5 Claims, 6 Drawing Sheets
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FIG.2

IS THERE NO
DECELERATION

REQUEST 7

Win LIMIT

START SOC (85%)
< CURRENT SOC ?

YES g3
RESTRICT REGENERATIVE BRAKE AND
START HYDRAULIC BRAKING

IS BRAKE

TEMPERATURE 150°C
OR MORE 7

NO

YES S5
START POWER CONSUMPTION

S6

REGENERATIVE
DECELERATION SOC
MARGIN (80%) > CURRENT
SOC ?

YES 37
RESTRICT HYDRAULIC BRAKE AND STOP
POWER CONSUMPTION

NO




US 11,345,347 B2

Sheet 3 of 6

May 31, 2022

U.S. Patent

FIG.3

Win LIMIT START TIMING

$
--‘- - -----i-.----

E I B .l - -

--90% (FULL CHARGE)

f oo -- 85%

N — =

L.-

i
i

M- 80%

POWER
CONSUMP-
TION

i
f

L -l-d-”-. I . . .

R RS R R M W R B R R MR R A

POWER
CONSUMP-
TION

L & B N B N N K W ¥ N K

L -l - S S .

SOC

TIME

B L R T I I

TIME

X .l.'..lﬂ.l.-ﬂul- ".l.-r.l....l .1"...-.'...-.

FrrkhArrkhrrbbrrriirbkvibbrbkrrddisrridddtrrddtrdrenidrnwrdadddidrdn
sk b rke kb dbbrhrbrbrr b brbbrbrrrtrddrad bdddrdFladddwaddddhdadddide s

-

S i b e i g e o A ol »
L ) i

e o W
SRR
L s L 3

-

X
:.'..l'q.
L & 15

s
‘E L8

¥,

-I._I- ¥

:;;-
ottt

ﬂ?‘

"

'l';l"
'}’
Fr -
"ff".':,.‘-‘r.
S
A
k3

=y

Y
> X X
y
o
s
i

sﬂéi
L |
s

F kKX ]
L 4

x5

3
£ X

;':'_-
X
-0y
i3
kS
L

A
o

;

rxa.rx s

-‘_I_'_i
h L 2
Y,
Ty
:I E
|
X
7z
s
e
Py
S

X,
¥,

AR
Ly
7
e,

ﬁ

B

Y
L 3
oy
]
"I.
L L ]

L
o

-ll
e
'J-
K £

CE X X4 & X2
XY,
T,

' 'QE ?
&£ L

KL

4
k3
¥,

o
£

P

X ELE
ey

L K]
e

b e e e e e e
¥,

e,
e

X

IR R L L EL]
FLL Y Lkl YW
EERE R L E R I AL
LAELALFRGAATIILPO AN L AAD N NS
B RIEFLE R+ A4 LA ARIAN LA S LA N LN IR LN
PR I L rE R AL AAE AR LAY PUALTIRA]N AL AN N Y
I T IR L L L I LT R E R R R R R E A R N Y NN N ]

L A" A, e N, el e e el

AR LA AR R R R E LR I R R N Y RN NP R N 'Y |

IdEIENJ E NI RN IMENdAE N U EAE NI REFUEFdLLIEFFICSELFrF1GilSdSkELLA A FENIRETSR
BRI RR R RIRERR B REFR RN RRFRLENFERLE-STLSERSSFFEA+ 0 RS NY Y X3 NREESLNENDS.,]
CER I EEIEO IR I IEEEEFON SR EEOISEIINE L& 4T FILEGFIFOICAAALSOAELCSEDIN IR
E N EEIEEEEE N EE NI NN INEEEE FEEES EEEA RS EERESAFFFLICTS+LLIAS ST EEIEAEEER
IiNFIERIN AEICTFI{rEF{LEXIL{FT>F1 AS S FLERS SRR IFRIN
A1 A G ETAEEXrFRL LS r1LUtSJI NN CANUNERL

L ¥ F & XL X r ot
-..' “.“H.l.fﬂh'"..lﬁ” o ".H.n.-.w "-—.H..l. X
e o A e
N
.Hi“i.ﬁ‘“lf“.“.."'.'-ﬂ.‘ﬂl‘.‘.

x> W K
iy r o, '.l- Ly e
fﬁ L F T M X
S

N

|
iy

H
We?
W

b
)

LIC
BRAKE

EFFICFFILC+ I I YIS SEIENEEER
1 fE L XS IFIL{E I FFEISAO%SICENOIN IR
A A TETFEFFEEFFF LT+ FFISIEINFEENEEFEER
EFSFL{LTIFITETFFITFI+RSISFESENFErSERIFND
ErEEd

HYDRAU-

IR RN REL R NEERLINEYESRLES ]

IEEFEEFMEEYFEAEEMIENEIENTIEYF

F PP TLY FLET I |

Emnsemasbinubnsensnbhardansrrvntnkrr
smmiEmse s e sm e e e nnt e r bbb

Z
.___....._......_....._._.._.:_._.._...._._:_,G
LL]
x

ERATIVE

ruod A
el ¥ Ok
lamdr
LI ILL!
Iddhmd
LERIIEI R IR NI RR R RAE R ET RN YR ] Hkrdd
cdkiAkkrbkrFAPPFPFERFE P A FAP B R ¥ irird % IER. N
MhHe P el bbbk rh Pk bk LR L

i i rhrad bl bbbl bt Frd bl ddd Al Ad r b A d LI
RHFAJbkr P FbrbkrFriARbkERiAVYPFA b Kl rFidtbrrrkddiidrrridaAAHNGA
rAmdiARb bbb PPt bttt b b AN Ay

A A Ay ¥ ) [} ¥ 4 ¥k & i [ ¥ ) i

LIMIT TEMPERATURE

(300°C)

A W G Y Y e IR s

N R R R R R T

POWER CONSUMPTION
START THRESHOLD

(150°C)

4

LU Al B i A e e e e v i e e

Lo T PR R b e R e W AT R W e

BRAKE
TEMPERATURE

TIME

t5 16

2 13 4

i1



U.S. Patent May 31, 2022 Sheet 4 of 6 US 11,345,347 B2

FIG.4
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BRAKE CONTROL DEVICE FOR VEHICLLE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims priority to and incorpo-

rates by reference the entire contents ol Japanese Patent
Application No. 2018-196152 filed 1n Japan on Oct. 17,

2018.

BACKGROUND

The present disclosure relates to a brake control device for
a vehicle.

In Japanese Laid-open Patent Publication No. HO6-
113404, there 1s disclosed a case where, when a hydraulic
brake and a regenerative brake are used in combination, the
regenerative brake can be used even 1f a battery 1s fully
charged by a cooling fan being driven using a part of
regenerative power obtained by the regenerative brake.

SUMMARY

There 1s a need for providing a brake control device for a
vehicle capable of increasing opportunities to use a regen-
erative brake while securing a braking force necessary for a
deceleration request.

According to an embodiment, a brake control device for
a vehicle includes: a motor connected to wheels; a hydraulic
brake that generates a {iriction braking force based on
frictional contact with a brake rotor that integrally rotates
with the wheels; a controller that performs coordination
control of regenerative brake control, 1n which a regenera-
tive power generation 1s performed by the motor on a basis
of rotation of the wheels to apply a regenerative braking
force to the wheels, and hydraulic brake control, 1n which
the hydraulic brake 1s operated; and a battery that exchanges
power with the motor. Further, in a case where a temperature
of the brake rotor 1s higher than a predetermined temperature
when 1nput to the battery 1s restricted in a state where there
1s a deceleration request, the controller reduces the friction
braking force, and performs the regenerative brake control
while power 1s consumed by an electric device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view illustrating a configuration of
a vehicle to which a brake control device according to a first
embodiment 1s applied;

FIG. 2 1s a flowchart illustrating a control tlow of brake
coordination control according to the first embodiment;

FIG. 3 1s a time chart illustrating changes 1n a vehicle state
when the brake coordination control according to the first
embodiment 1s performed;

FIG. 4 1s a flowchart illustrating a control flow of brake
coordination control according to a second embodiment;

FIG. 5 1s a drawing illustrating exemplary traveling in
which a hydraulic brake enters a high temperature state
when an 1nput to a battery 1s restricted; and
FIG. 6 1s a time chart 1llustrating changes 1n a vehicle state
when the brake coordination control according to the second

embodiment 1s performed.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

In the configuration disclosed in Japanese Laid-open
Patent Publication No. H06-113404, an amount of cooling of
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2

the cooling fan 1s determined on the basis of an amount of
depressing of a brake pedal and the voltage of the battery,

and a change in Iriction braking force due to a change 1n
temperature ol a brake rotor 1s not taken 1nto consideration.
In addition, when deceleration requests continue for a long
time, power may be excessively consumed by the cooling
fan, which may deteriorate the electric mileage.

Hereinaftter, a brake control device for a vehicle according
to embodiments of the present disclosure will be described
in detail with reference to the accompanying drawings. Note
that the present disclosure 1s not limited to the embodiments
described below.

First Embodiment

FIG. 1 1s a schematic view 1llustrating an example con-
figuration of a vehicle to which a brake control device
according to a first embodiment 1s applied. As illustrated 1n
FIG. 1, a vehicle 1 1s composed of what 1s called a series
hybrid automobile 1n which a motor for power generation
(power generation motor) MG1 1s connected to an output
shaft of an engine 2 and a motor for traveling (drive motor)
MG?2 1s connected to a drive shait 4 coupled to drive wheels
3a and 3b. The vehicle 1 includes the engine 2, the power
generation motor MG1, the drive motor MG2, inverters Sa
and 5b, a battery 6, a hydraulic brake 7, and a hybrid vehicle
clectronic control wunit (hereinafter simplified as an
“HVECU”) 8.

The engine 2 1s composed of an internal combustion
engine, and the operation thereot 1s controlled by an engine
clectronic control umt (hereinafter referred to as an “engine
ECU™) 21. The engine ECU 21 includes a microprocessor,
which includes a central processing unit (“CPU”), a read-
only memory (“ROM”) for storing a control program, a
random access memory (“RAM”) for temporarily storing
data, an input/output port, a communication port and the
like. The engine ECU 21 1s connected to the HVECU 8 via
the communication port.

The power generation motor MG1 1s composed of a
synchronous generator motor, and the rotor thereof 1s con-
nected to the output shait of the engine 2. The drive motor
MG?2 1s composed of a synchronous generator motor, and the
rotor thereotf 1s connected to the drive shait 4. The inverters
5a and 5b are connected to the power generation motor MG1
and the drive motor MG2, respectively, and are also con-
nected to the battery 6 via a power line. That 1s, the power
generation motor MG1 and the battery 6 are connected to
cach other in a manner that power can be exchanged
therebetween, and the drive motor MG2 and the battery 6 are
connected to each other 1n manner that power can be
exchanged therebetween. The power generation motor MG1
and the drive motor MG2 are rotationally driven by a
plurality of switching elements included 1n the mverters 3a
and 56 being subject to switching control performed by a
motor electronic control unit (heremafter referred to as a
“motor ECU”) 31. The motor ECU 31 includes a micropro-
cessor similar to that included 1n the engine ECU 21. The
motor ECU 31 1s connected to the HVECU 8 wvia the
communication port.

The battery 6 includes a lithium-ion secondary battery or
a nickel metal hydride secondary battery, and 1s connected
to the inverters 5a and 5b via power lines. A charge state of
the battery 6 1s managed by a battery electronic control unit
(heremafiter referred to as a “battery ECU”) 61. The battery
ECU 61 includes a microprocessor similar to that included
in the engine ECU 21. The battery ECU 61 1s connected to
the HVECU 8 via the communication port. The HVECU 8
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1s capable of calculating a state of charge (*SOC”) of the
battery 6 on the basis of information obtained through, for
example, information communications with the battery ECU
61. The SOC indicates a charge state of the battery 6. Note
that the HVECU 8 may obtain information on the basis of
signals input from a voltage sensor and a current sensor
provided in the battery 6 to calculate the SOC of the battery
6.

The hydraulic brake 7 1s a brake device that includes a
brake rotor (not illustrated) integrally rotates with wheels,
and applies a Iriction braking force to the brake rotor. The
brake rotor 1s provided not only to the drive wheels 3a and
3b but also to each of four wheels of the vehicle 1. The
hydraulic brake 7 includes a hydraulic brake system such as
an electric control braking system (“ECB”) capable of
regenerative coordination. Further, the hydraulic brake 7
controls the magnitude of hydraulic pressure to control the
magnitude of the friction braking force generated by iric-
tional contact with the brake rotor. The hydraulic brake 7
operates 1n accordance with control signals from the
HVECU 8 to control the brakmg operation of the vehicle 1.

The HVECU 8 includes a microprocessor similar to that
included 1n the engine ECU 21. Signals from various sensors
are mput to the HVECU 8 via input ports. Examples of the
signals mput to the HVECU 8 include 1gnition signals from
an 1gnition switch 81, an engine speed signal from an engine
speed sensor 82 for detecting rotation speed of the engine 2,
an accelerator position signal from an accelerator pedal
position sensor 83 for detecting an amount of depressing of
an accelerator pedal (amount of accelerator operation), a
brake pedal position signal from a brake pedal position
sensor 84 for detecting an amount of depressing of an brake
pedal (amount of brake operation), and a vehicle speed
signal from a vehicle speed sensor 85. The HVECU 8 1s
connected to the engine ECU 21, the motor ECU 31, and the
battery ECU 61 via the communication port.

The HVECU 8 calculates drive force (required drive
torce) required of the vehicle 1 by a driver on the basis of
the amount of acceleration operation detected by the accel-
crator pedal position sensor 83. Further, the HVECU 8
calculates a braking force (a required braking force) required
of the vehicle 1 by the driver on the basis of the amount of
brake operation detected by the brake pedal position sensor
84.

Furthermore, at the time of deceleration and braking, the
HVECU 8 regeneratively generates, using the drive motor
MG2, to convert the kinetic energy of the vehicle 1 into an
electrlc energy, and performs regenerative brake control
(“regenerative braking™) for regeneratively braking wheels.
With the regenerative braking being executed, the drive
motor MG2 functions as a generator, and regenerative
braking force 1s applied to the drive wheels 3a and 35 from
the drive motor MG2. The power regeneratively generated
by the drive motor MG2 can also be stored in the battery 6,
and can be supplied to an electric device (not 1llustrated 1n
FIG. 1) mounted on the vehicle 1. The electric device
includes auxiliary equ1pment such as an air conditioner and
a heater. The HVECU 8 1s capable of controlling the
operation of the electric device. In this case, the HVECU 8
can perform switching control on the inverters 5a and 55 to
supply the power generated by the drive motor MG2 on the
basis of the regenerative power generation to the electric
device without passing through the battery 6. The HVECU
8 can also perform switching control on the imnverters 5a and
5b to supply the power of the battery 6 to the electric device
so that the electric device can operate by consuming the
power of the battery 6.
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Furthermore, at the time when the battery 6 1s fully
charged, i1n other words, at the time when an input to the
battery 6 1s restricted (Win limit), the HVECU 8 disables the
regenerative brakmg performed by the drive motor MG?2,
and braking using the hydraulic brake 7 can be performed.
In that case, even if the battery 6 1s fully charged, use of the
hydraulic brake 7 is restricted 1n the case where the tem-
perature of the brake rotor included in the hydraulic brake 7
1s equal to or higher than a predetermined value, and brake
coordination control 1s performed, 1n which the regenerative
brake based on the drive motor MG2 1s used while consum-
ing a power using the electric device. In the vehicle 1
according to the first embodiment, the HVECU 8 performs
the brake coordination control so that a rise in temperature
ol the brake rotor that generates the friction braking force 1s
suppressed. Note that the brake control device according to
the first embodiment includes the HVECU 8, the motor ECU
31, and the battery ECU 61.

In the vehicle 1 having such a configuration, the hydraulic
brake 7 and the regenerative brake are selectively used by
the HVECU 8 while the battery 6 1s predicted to be subject
to 1nput restriction, thereby suppressing the rise 1 tempera-
ture of the brake rotor. Hereinafter, an operation of the
HVECU 8 at the time of performing the brake coordination
control will be described. Note that a temperature of the
brake rotor may be described as a brake temperature in the
descriptions.

FIG. 2 1s a flowchart illustrating a control flow of the
brake coordination control. The control tlow illustrated in
FIG. 2 1s performed by the HVECU 8. Note that control
routine 1llustrated 1n FIG. 2 1s repeatedly executed while the
vehicle 1 1s traveling.

First, the HVECU 8 determines whether there 1s a decel-
eration request from the driver (step S1). The case where
there 1s a deceleration request indicates a case where the
accelerator pedal position sensor 83 detects that depressing
of the accelerator pedal has been released or a case where the
brake pedal position sensor 84 detects that the brake pedal
has been depressed. Examples of such a case include a
situation 1 which, while the vehicle 1 1s traveling on a
downhill road, the driver requires a predetermined decel-
eration level while depressing the brake pedal. If there 1s no
deceleration request from the drniver (step S1: No), the
control routine 1s terminated.

If there 1s a deceleration request from the driver (step S1:
Yes), the HVECU 8 compares the current SOC with an SOC
as an input restriction threshold value for starting the mput
restriction to the battery 6 (“Win limit start SOC”), and
determines whether the current SOC 1s greater than the Win
limat start SOC (step S2). The Win limit start SOC indicates
an SOC 1n a state in which the deceleration level cannot be
secured only by the regenerative braking force of the regen-
erative brake in response to the required deceleration level,
which 1s an SOC 1n which the regenerative brake 1s switched
to the hydraulic brake 7. For example, the Win limit start
SOC 1s set to 85%. If the determination in step S1 1s
aflirmative, the HVECU 8 starts the regenerative braking to
apply the regenerative braking force of the drive motor MG2
to the drive wheels 3a and 3b. If the current SOC 1s equal
to or less than the Win limit start SOC (step S2: No), the
control routine 1s terminated.

If the current SOC 1s greater than the Win limat start SOC
(step S2: Yes), the HVECU 8 restricts the regenerative
brake, and starts the hydraulic brake control (“hydraulic
braking”) (step S3). By the regenerative brake being
restricted by the HVECU 8, the magnitude of the regenera-
tive braking force 1s made less than before the restriction.
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Since the HVECU 8 starts the regenerative braking when the
determination in step S1 1s afhirmative, in step S3, the
magnitude of the regenerative braking force 1s controlled to
be less than the regenerative braking being executed. In
other words, control 1s performed such that the regenerative
power generation of the drive motor MG2 decreases. More-
over, 1n step S3, the hydraulic braking 1s started to secure the
braking force corresponding to the decrease in regenerative
braking force using the friction braking force based on the
hydraulic brake 7. Accordingly, the ratio of the friction
braking force relative to the required braking force
increases. The HVECU 8 performs the brake coordination
control such that the braking force necessary for the required
braking force 1s satisfied by the sum of the regenerative
braking force and the friction braking force.

Subsequently, the HVECU 8 determines whether the
temperature of the brake rotor 1s equal to or higher than 150°
C. (step S4). In step S4, a high temperature determination on
the hydraulic brake 7 1s performed. The brake temperature of
150° C. 15 a threshold value set as an upper limit value 1n a
temperature range 1n which the coeflicient of friction of the
brake rotor does not change. When the temperature of the
brake rotor exceeds 150° C., the coethicient of friction of the
brake rotor may decrease, and the magnitude of the friction
braking force generated relative to the amount of depressing,
of the brake pedal may decrease. Further, in step S4, the
temperature of the brake rotor 1s detected by, for example, a
temperature sensor provided 1n the hydraulic brake 7, and
determination 1s made using a value measured by the
temperature sensor. Alternatively, the HVECU 8 1s also
capable of estimating the temperature of the brake rotor on
the basis of an outside air temperature or vehicle information
to make determination 1n step S4 using the estimated value.
I1 the temperature of the brake rotor 1s less than 150° C. (step
S4: No), the control routine 1s terminated.

If the temperature of the brake rotor 1s equal to or higher
than 150° C. (step S4: Yes), the HVECU 8 starts power
consumption based on the electric device (step S5). The
temperature of 150° C. as a threshold value used 1n step S4
1s a threshold value for starting power consumption. In step
S5, the power generated by the regenerative brake 1s con-
trolled to be consumed by the electric device without being
stored 1n the battery 6. Alternatively, 1n step S5, control may
be performed such that the power stored 1n the battery 6 1s
supplied to the electric device and the electric device con-
sumes the power of the battery 6, thereby decreasing the
SOC of the battery 6.

Subsequently, the HVECU 8 compares the current SOC
with the SOC in the state having a margin capable of
performing the regenerative braking (“regenerative decel-
eration SOC margin™), and determines whether the current
SOC 1s less than the regenerative deceleration SOC margin
(step S6). The margin capable of performing the regenera-
tive braking indicates a charge state having spare capacity
(margin) capable of storing, in the battery 6, the regenerative
power (power generation) generated when the regenerative
braking 1s performed such that the required deceleration
level 1s satisfied by the regenerative braking force with
respect to the SOC at which the battery 6 1s fully charged
(e.g., 90%). For example, the regenerative deceleration SOC
margin 1s set to 80%. If the current SOC 1s greater than the
regenerative deceleration SOC margin (step S6: No), the
control routine returns to step S4.

It the current SOC 1s equal to or less than the regenerative
deceleration SOC margin (step S6: Yes), the HVECU 8
restricts the hydraulic brake 7, stops the power consumption
of the electric device (step S7), and starts the regenerative
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braking (step S8). By the hydraulic brake 7 being restricted
by the HVECU 8, the magnitude of the generated friction
braking force becomes smaller compared to that before the
restriction. That 1s, since the friction braking force 1s reduced
upon execution of step S7, the frictional force applied to the
brake rotor decreases, thereby decreasing the temperature of
the brake rotor. In addition, the regenerative power gener-
ated by the regenerative braking being started to stop the
power consumption of the electric device is stored 1n the
battery 6, thereby 1 111creasmg the SOC of the battery 6. Upon
execution of the control 1 step S8, the control routine 1s
terminated.

FIG. 3 1s a time chart 1llustrating changes 1n a vehicle state
when the brake coordination control according to the first
embodiment 1s performed.

First, in the state where the SOC of the battery 6 1s less
than the regenerative deceleration SOC margin, only the
regenerative braking force based on the regenerative brake
1s generated 1n response to the deceleration request. Since
the hydraulic brake 7 1s not operated in this state, the SOC
increases due to the regenerative power generation although
the temperature of the brake rotor (brake temperature) does
not increase. Then, at time t1, the SOC reaches the SOC at
which the input restriction of the battery 6 1s started (85%).
Since the state at time tl 1s 1n the case of aflirmative
determination in step S2 i FIG. 2 (step S2: Yes), the
HVECU 8 restricts the regenerative brake from time t1 and
starts the hydraulic braking.

After time t1, concurrent use of the regenerative brake and
the hydraulic brake 7 starts, and the regenerative braking
force based on the regenerative brake decreases, whereby
increment of the SOC becomes moderate. Meanwhile, the
friction braking force 1s generated by the hydraulic brake 7
being started, whereby the brake temperature rises. Subse-
quently, at time t2, the brake temperature exceeds 150° C.
that 1s the threshold value for starting power consumption.
The threshold value for starting power consumption 1s a
threshold value for suppressing a rise in the brake tempera-
ture up to a limit temperature (e.g., 300° C.), which 1s a
threshold value for performing power consumption by the
clectric device. Since the state at time {2 1s 1n the case of
aflirmative determination in step S4 1n FIG. 2 (step S4: Yes),
the HVECU 8 starts the power consumption of the electric
device while using only the hydraulic brake 7. As a result,
after time t2, the SOC decreases.

Subsequently, at time t3, the SOC decreases to 80% that
1s the regenerative deceleration SOC margin. Since the state
at time t3 1s 1n the case of athirmative determination 1n step
S6 1 FIG. 2 (step S6: Yes), the HVECU 8 stops the
hydraulic brake 7, stops the power consumption of the
clectric device, and starts the regenerative braking.

After time t3, only the regenerative braking force based
on the regenerative brake 1s generated, whereby the brake
temperature decreases and the SOC increases due to the
regenerative power generation. Subsequently, at time t4, the
SOC having increased due to the regenerative power gen-
eration exceeds 85% that 1s the Win limait start SOC. At time
t4, the brake coordination control similar to that at time t1
described above 1s performed. Thereatter, the state at time t3S
1s similar to the state at time t2 described above, and the state
at time t6 1s similar to the state at time t3 described above.
In this manner, the HVECU 8 according to the first embodi-
ment performs the brake coordination control for selecting
the regenerative brake or the hydraulic brake 7 on the basis
of the SOC and the brake temperature, whereby the brake
temperature can be prevented from reaching 300° C. that 1s
the limit temperature.
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As described above, according to the first embodiment,
even 11 the input restriction to the battery 6 1s applied when

there 1s a deceleration request, the power consumption of the
clectric device can be started according to the change in
temperature of the brake rotor, and the power consumption
can be stopped according to the change in SOC of the battery
6. Accordingly, even 1 the temperature of the brake rotor
rises when the input to the battery 6 1s restricted, the
regenerative brake can be used, and the use of the hydraulic
brake 7 can be restricted. Therefore, the rise 1n temperature
of the brake rotor can be suppressed.

Second Embodiment

Next, a brake control device according to a second
embodiment will be described. In the second embodiment,
coordination control of the hydraulic brake 7 and the regen-
crative brake 1s performed on the basis of future driving
prediction. Note that, 1n descriptions of the second embodi-
ment, descriptions of configurations similar to those 1n the
first embodiment described above will be omitted, and
reference signs thereof are used.

The HVECU 8 according to the second embodiment starts
using the hydraulic brake 7 1n a state where an SOC has a
margin when 1t 1s determined that, according to the future
driving prediction, the input restriction to the battery 6 is
applied and traveling on a route requiring long deceleration
1s expected. Thereafter, when the temperature of the brake
rotor rises, the HVECU 8 performs switching from the
hydraulic brake 7 to the regenerative brake 1n the state where
regenerative braking force for securing the required decel-
cration level (“required braking force) can be generated,
whereby the use of the hydraulic brake 7 1s stopped and the
rise 1n temperature of the brake rotor 1s suppressed.

The HVECU 8 1s capable of performing, as future driving,
predictions, route prediction, vehicle load prediction, SOC
behavior prediction, and brake temperature rise prediction.
Specifically, the HVECU 8 is capable of performing future
route prediction on the basis of information obtained by a
navigation system or a front camera (“on-board camera™).
Map information that can be obtained from the navigation
system 1s information including altitude (“elevation™). The
HVECU 8 can predict a change i altitude when traveling
along a route predicted from the current position of a vehicle
1. Environmental information that can be obtained from the
front camera includes environmental information in front of
the vehicle, in other words, 1n the traveling direction.

Furthermore, the HVECU 8 performs future vehicle load
prediction from the map information (altitude), the environ-
mental information (outside air temperature), and the pre-
dicted route information. The vehicle load 1ndicates a load
(deceleration) generated when the vehicle 1 travels on the
predicted route. For example, 1n a case where it can be
predicted to continue traveling on a downhill road on the
basis of the route prediction and the altitude of the map
information, the deceleration level necessary to continue
traveling on the predicted downhill road 1n a decelerating
state 1s predicted as a vehicle load.

Moreover, the HVECU 8 performs the SOC behavior
prediction and the brake temperature rise prediction on the
basis of the vehicle load prediction. According to the SOC
behavior prediction, 1n the case where it can be predicted
that regenerative braking force 1s generated on the basis of
the vehicle load prediction, an increase mn SOC can be
predicted according to the distance subject to decelerating,
traveling based on the regenerative braking force. According,
to the brake temperature rise prediction, 1n the case where it

5

10

15

20

25

30

35

40

45

50

55

60

65

8

can be predicted that the friction braking force 1s generated
on the basis of the vehicle load prediction, a rise in tem-
perature of the brake rotor can be predicted according to the
distance subject to decelerating traveling based on the
friction braking force. Furthermore, the HVECU 8 is
capable of performing the SOC behavior prediction and the
brake temperature rise prediction also in the case where
brake coordination control in which the regenerative brake
and the hydraulic brake 7 are used in combination 1is

performed.
The HVECU 8 according to the second embodiment

having a configuration as described above performs control

of staring to use the hydraulic brake 7 earlier at a predeter-
mined SOC threshold value (margin SOC threshold value)

in a case where, on the basis of various kinds of prediction
(driving prediction) described above, 1t can be predicted that
the battery 6 will be fully charged in the future or the
temperature of the brake rotor will rise to a high temperature
state. The SOC threshold value 1s an SOC amount in the
state having a margin to which no 1nput restriction to the
battery 6 1s applied even while the hydraulic brake 7 and the
regenerative brake are being switched (“margin SOC
amount”). That 1s, the HVECU 8 corrects the margin SOC
amount to a low value on the basis of the future driving
prediction. The corrected margin SOC amount 1s set to the
SOC threshold value as an mput restriction threshold value
(margin SOC threshold value).

FIG. 4 1s a flowchart illustrating a flow of the brake
coordination control according to the second embodiment.
The control flow 1illustrated in FIG. 4 1s performed by the
HVECU 8. Note that control routine illustrated 1n FIG. 4 1s
repeatedly executed while the vehicle 1 1s traveling.

First, the HVECU 8 performs the future route predletlen
and the vehicle load prediction on the basis of the navigation
system, the front camera, the altitude, and the outside air
temperature (step S11). In step S11, the route prediction and
the vehicle load prediction described above are performed.

The HVECU 8 predicts SOC behavior and brake tem-
perature behavior on the basis of a result of the prediction in
step S11, the current SOC, and the temperature of the brake
rotor, and performs prediction determination of full charge
and prediction determination of a brake high temperature
(step S12). In step S12, 1t 1s determined whether it can be
predicted that the battery 6 will be fully charged 1n the future
and the temperature of the brake rotor exceeds 130° C.,
which 1s 1n a high temperature state, by the above- deserlbed
SOC behavior prediction and the brake temperature rise
prediction being performed. If a negative determination 1s
made 1 step S12 (step S12: No), the control routine 1s
terminated.

If the determination 1n step S12 1s athrmative (step S12:
Yes), the HVECU 8 determines whether the current SOC 1s
less than 85%, which 1s the margin SOC threshold value
(step S13). The margin SOC threshold value used in the
determination in step S13 1s the margin SOC amount
described above, and also includes the margin SOC amount
corrected on the basis of the future driving prediction
described above. If the current SOC 1s equal to or greater
than the margin SOC threshold value (step S13: No), the
control routine 1s terminated.

If the current SOC 1s less than the margin SOC threshold
value (step S13: Yes), the HVECU 8 determines whether
there 1s a deceleration request from a driver (step S14). The
processing 1n step S14 1s similar to the processing 1n step S1
in FIG. 2. If there 1s no deceleration request from the driver
(step S14: No), the control routine 1s terminated.




US 11,345,347 B2

9

If there 1s a deceleration request from the driver (step S14:
Yes), the HVECU 8 starts hydraulic braking (step S15). By
the control 1n step S15 being performed friction braking
force based on the hydraulic brake 7 1s generated.

During the hydraulic braking, the HVECU 8 determines
whether the temperature of the brake rotor i1s equal to or
higher than 150° C. (step S16). In step S16, high temperature
determination 1s performed on the hydraulic brake 7 in the
state where only the friction braking force 1s generated with
respect to the required braking force. If the temperature of
the brake rotor i1s less than 150° C. (step S16: No), the
control routine 1s terminated.

If the temperature of the brake rotor 1s equal to or higher
than 150° C. (step S16: Yes), the HVECU 8 performs control
such that power consumption of an electric device 1s started
(step S17). In step S17, the electric device consumes power
while the hydraulic braking 1s continued.

The HVECU 8 determines whether the current SOC 1s
less than a regenerative deceleration SOC margin (step S18).
In step S18, for example, the regenerative deceleration SOC
margin set at 80% 1s compared with the current SOC. If the
current SOC 1s equal to or greater than the regenerative
deceleration SOC margin (step S18: No), the control routine
returns to step S16.

If the current SOC 1s less than the regenerative decelera-
tion SOC margin (step S18: Yes), the HVECU 8 stops the
hydraulic braking (step S19), and starts the regenerative
braking (step S20). In step S19, the hydraulic brake 7 1s
released to set the friction braking force to zero. In step S20,
the regenerative braking 1s performed to generate regenera-
tive braking force.

Subsequently, during the regenerative braking, the
HVECU 8 determines whether the temperature of the brake
rotor 1s less than 150° C. (step S21). In step S21, the hugh
temperature determination 1s performed on the hydrauhc
brake 7 in the state where only the regenerative brake 1s
operating. If the temperature of the brake rotor 1s equal to or
higher than 150° C. during the regenerative braking (step
S21: No), the control routine returns to step S18.

If the temperature of the brake rotor 1s less than 150° C.
during the regenerative braking (step S21: Yes), the HVECU
8 stops the regenerative braking (step S22). In step S22, the
regenerative power generation based on a drive motor MG2
1s stopped so that the regenerative braking force 1s made to
zero. Upon execution of step S22, the control routine is
terminated.

FIG. 5 1s a diagram for illustrating exemplary traveling in
which the hydraulic brake 7 enters a high temperature state
when mput to the battery 6 1s restricted. As 1llustrated 1n
FIG. 5, 1n the case of a route of traveling 1n which downhill
roads continue, according to a configuration 1n a related art,
a section A 1s traveled with the regenerative brake, and then
the 1nput restriction (Win limait) to the battery 6 1s applied at
a point C, for example, so that a section B 1s traveled 1n a
decelerating manner using the hydraulic brake 7 thereafter,
whereby the temperature of the brake rotor rises.

Meanwhile, with the brake control device according to the
second embodiment, use of the hydraulic brake 7 1s started
at a pomt D (not illustrated 1n FIG. §) before the point C,
which 1s the point at which the iput restriction (Win limait)
1s applied 1n a configuration 1n a related art, on the basis of
the future driving prediction. Accordingly, a margin can be
made for the SOC before the 1mput restriction to the battery
6 1s applied. It becomes thus possible to consume power of
the battery 6 to make a margin to the SOC before the brake
temperature rises and the brake rotor reaches a limit tem-
perature. In addition, the SOC decreases due to the power
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consumption, whereby the regenerative brake can be used.
The hydraulic brake 7 1s temporarily stopped to start the
regenerative brake, accordingly. As a result, a rise 1n tem-
perature of the brake rotor can be suppressed.

FIG. 6 1s a time chart 1llustrating changes 1n a vehicle state
when the brake coordination control according to the second
embodiment 1s performed. Note that, 1n descriptions of FIG.
6, the section A, the section B, and the point C will be used
from the above-described exemplary traveling illustrated 1n

FIG. 5.
First, in the state where the SOC 1s lower than the margin

SOC threshold value (85%), the regenerative braking force

1s generated only by the regenerative brake 1in response to the
deceleration request. While the hydraulic brake 7 1s not
operated in this state so that the temperature of the hydraulic
brake 7 does not rise, the SOC 1increases due to the regen-
crative power generation based on the regenerative brake.
This corresponds to the decelerating traveling state 1n the
section A 1illustrated in FIG. 4.

Then, when the SOC exceeds the margin SOC threshold
value (85%), the regenerative brake 1s restricted and the
hydraulic braking 1s started. The margin SOC threshold
value 1s set to the margin SOC amount corrected to a value
lower than that 1n the related art on the basis of the future
driving prediction. Accordingly, i the second embodiment,
the hydraulic braking is started at the point D before the
point C at which the mnput restriction timing 1s set in the
configuration 1n a related art. That 1s, the hydraulic brake 7
1s operated at a timing earlier than that 1n the related art.
Thereatter, although the route in which downhill roads
continue 1s traveled in the section B, the coordination control
of the regenerative brake and the hydraulic brake 7
described above 1s performed, whereby the temperature of
the brake rotor can be suppressed from reaching the limit
temperature.

In this manner, according to the second embodiment, 1n
the case where the input restriction to the battery 6 1s applied
and long decelerating traveling 1s expected, use of the
hydraulic brake 7 can be started 1n the state where the SOC
has a margin. As a result, 1t becomes possible to generate,
using the regenerative brake, the regenerative braking force
for securing the required deceleration level when the tem-
perature of the brake rotor rises, whereby the use of the
hydraulic brake 7 1s stopped and the rise in temperature of
the brake rotor can be suppressed.

Note that a vehicle to which the brake control device
according to each embodiment described above can be
applied 1s not limited to a series hybrid automobile. For
example, 1t may be a split hybrid automobile, an electric
vehicle (EV) not equipped with an engine 2, a plug-1n hybrid
automobile, or a plug-in electric vehicle. Furthermore, when
it 1s applied to an electric vehicle, the HVECU 8 described
in the descriptions above may be simply read as an ECU.

According to the present disclosure, the braking force can
be secured by the regenerative braking force based on the
regenerative brake even when the iriction braking force
based on the hydraulic brake 1s reduced, thereby increasing
opportunities for performing the regenerative braking. As a
result, a frequency 1n use of the hydraulic brake can be
reduced, and the rise 1 temperature of the brake rotor can
be suppressed.

According to an embodiment, the power of the battery can
be consumed to the extent that the regenerative braking can
be performed even when the temperature of the brake rotor
1s high, whereby the regenerative braking force sutlicient to
secure necessary braking force can be generated. As a result,
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the friction braking force based on the hydraulic brake can
be reduced, and a rise 1n the temperature of the brake rotor
can be suppressed.

According to an embodiment, even when the iriction

braking force 1s restricted due to the rise in temperature of 53

the brake rotor, the braking force can be secured by the
regenerative braking force. As a result, opportunities for
performing the regenerative braking increases, and a 1Ire-
quency 1n use of the hydraulic brake can be reduced, which
leads to the improvement in endurance of the hydraulic
brake.

According to an embodiment, the SOC as the input
restriction threshold value 1s set to be low from the predic-
tion result of the future vehicle load, whereby switching
from the regenerative braking to the hydraulic braking can
be carried out at an earlier timing than 1n the related art. As
a result, by predicting the future vehicle load, the hydraulic
brake and the regenerative brake are selectively used while
the battery 1s predicted to be subject to input restriction,
whereby the rise 1n temperature of the brake rotor can be
suppressed.

Although the disclosure has been described with respect
to specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
tairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. A brake control device for a vehicle, comprising;:

a motor connected to wheels;

a hydraulic brake that generates a friction braking force
based on Irictional contact with a brake rotor that
integrally rotates with the wheels;

a controller that performs coordination control of regen-
crative brake control, 1n which a regenerative power
generation 1s performed by the motor on a basis of
rotation of the wheels to apply a regenerative braking
force to the wheels, and hydraulic brake control, 1n
which the hydraulic brake 1s operated; and

a battery that exchanges power with the motor, wherein

the controller 1s configured to, when a temperature of the
brake rotor 1s higher than a predetermined temperature
in a case where 1put to the battery 1s restricted 1n a
state where there 1s the deceleration request, start power
consumption of a electric device while the friction
braking force 1s generated, and then, when a charge
state of the battery enters a state having a margin for
achieving a current required deceleration level with the
regenerative braking force, stop the power consump-
tion of the electric device, reduce the friction braking
force, and start the regenerative braking control.

2. The brake control device for a vehicle according to

claim 1, wherein

the controller 1s configured to, when power consumption
ol the electric device starts, continue to consume power
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of the battery using the electric device until a charge
state of the battery enters a state having a margin for
achieving a current required deceleration level with the
regenerative braking force.

3. The brake control device for a vehicle according to

claim 1, wherein

the controller 1s configured to:

predict a future route of the vehicle and predict a vehicle
load when the vehicle travels on the predicted route,
and

in a case where 1t 1s predicted from a result of the
prediction that the temperature of the brake rotor
becomes higher than the predetermined temperature
when 1nput to the battery 1s restricted, set a state of
charge as an imput restriction threshold value for car-
rying out a change from the regenerative braking
control to the hydraulic brake control to be lower
compared with a case where the temperature of the
brake rotor 1s less than the predetermined temperature.

4. A brake control device for a vehicle, comprising:

a motor connected to wheels;

a hydraulic brake that generates a friction braking force
based on 1Irictional contact with a brake rotor that
integrally rotates with the wheels;

a controller that performs coordination control of regen-
crative brake control, 1n which a regenerative power
generation 1s performed by the motor on a basis of
rotation of the wheels to apply a regenerative braking
force to the wheels, and hydraulic brake control, 1n
which the hydraulic brake 1s operated; and

a battery that exchanges power with the motor, wherein

the controller 1s configured to:

predict a future route of the vehicle and predict a vehicle
load when the vehicle travels on the predicted route,
and

in a case where 1t 1s predicted from a result of the
prediction that a temperature of the brake rotor
becomes higher than a predetermined temperature
when 1nput to the battery 1s restricted, set a state of
charge as an mput restriction threshold value for car-
rying out a change from the regenerative braking
control to the hydraulic brake control to be lower
compared with a case where the temperature of the
brake rotor 1s less than the predetermined temperature.

5. The brake control device for a vehicle according to
claim 4, wherein

the controller 1s configured to, when power consumption
of the electric device starts,

continue to consume power ol the battery using the
clectric device until a charge state of the battery enters
a state having a margin for achieving a current required
deceleration level with the regenerative braking force.
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